Purpose To compare pregnancy and implantation rates when embryos are selected based on a single Day 3 (D 3) morphology score vs. a GES score plus sHLA-G expression. Methods A prospective randomized study (n=214) undergoing fresh ICSI cycles. Embryos were selected for transfer based on either Day 3 morphology score (Group A) or GES-scoring plus sHLA-G expression (Group B 
Introduction
Generating criteria to select "competent embryos" for transfer has become of utmost importance. Historically, approaches to identifying the "competent" embryos prior to transfer focused mainly on morphological assessment of embryos. Evidently, morphological evaluations furnish clues that enhance ability in choosing the best preembryos for transfer. However, it is severely limited to provide reliable evidence for predicting subsequent normal embryo implantation [1] [2] [3] [4] [5] [6] [7] . Desai et al. [8] reported the first scoring system for day 3 embryos, whereas all previous scoring systems were based on the second day of culture (Day 2). Later on the graduated embryo scoring (GES) system was introduced by Fisch et al. [9] in which each embryo was individually cultured, allowing for sequential microscopic assessment of developmental stages starting on day 1 through day 3 of embryo culture.
Determining which morphologic evaluation system [10] [11] [12] [13] to use for transferring embryos on Day 2/3, and to achieve pregnancy rates similar to embryos that are transferred at the blastocyst stage, is a controversial subject [14, 15] . Some researchers claimed that transferring selected embryos on day 3 yielded a pregnancy rate equivalent to embryos transferred on day 5 or 6 [16, 17] .
Jurisicova et al. [18] reported that HLA-G expression was present during preimplantation human embryo development. The presence of soluble Human Leukocyte Antigen-G (sHLA-G) mRNA was detected in culture medium surrounding grouped embryos [19] . The detection of sHLA-G in the culture medium of individually cultured early cleaving embryos (as early as 44-46 h after insemination) provided evidence that embryos could be selected by their maternal genomic function. This is due to the correlation between sHLA-G expression by an embryo and its potential to reach a pregnancy [20] .
In our study sHLA-G expression within a range of 0.184-0.196 was considered positive. This original optimal range was determined by Keskintepe (unpublished data) and was slightly different from other investigators [20, 24] .
While several tools are available for the evaluation of embryos for transfer, other unknown factors such as oocyte quality and embryo dismorphism, still remain unanswered. The purpose of this study was to compare pregnancy and implantation rates when embryos are selected based on a single Day 3 (D 3) score vs. sHLA-G expression plus a graduated embryo scoring (GES).
Materials and methods

Patients
An initial pilot study was performed on 58 patients to compare pregnancy outcome when using a single D 3 morphology versus the GES-scoring system. We reported no statistical differences between these two treatment groups. Based on the findings of our pilot study, a subsequent study was designed. In Group A, the most common way (morphology and developmental rate) by which embryo selection is performed, was compared to Group B, a combination of non-invasive criteria ( the expression of soluble HLA-G plus the GES-score).
A Statistical program (Epi-info, UMassAmherst) was used to perform a power calculation for this study. Using the given parameters-confidence (95%) and the power (80%) and the ratio of cases to controls-it was evident that using one hundred and seven patients per treatment group would be sufficient. Two hundred and ninety seven (297) patients were assessed for eligibility to participate in this study (Fig. 1) . Two hundred and thirty three (233) patients underwent randomization prior to egg retrieval. At this time, patients drew a single tab from a prepared envelope to determine their study group and whether their embryos will be transferred based on a single Day 3 score (Group A) or an sHLA-G expression plus a GES-score (Group B). (Furthermore, in Group A, the culture medium also underwent sHLA-G testing but the embryologist was blinded for the sHLA-G results of these embryos prior to transfer). Patient diagnosis included endometriosis, tubal factor, PCOS, unknown and male factor. All patients were <39 years of age and had a normal uterine cavity and normal endometrial thickness (≥ 9 mm) at the time of hCG administration).
Individually cultured embryos whose surrounding media expressed sHLA-G with an OD=0.190±0.006 (the geometric mean) were defined as positive for sHLA-G expression, whereas those outside the range (0.184-0.196) were designated as negative ( Table 2) .
Stimulation
Patients were pre-treated with oral contraceptives received Lupron (TAP Pharmaceuticals, Lake Forest, IL) in a long protocol after pre-treatment with oral contraceptive (OC) birth control pills for 1-3 weeks and were treated by a human derived gonadotropin (Bravelle; Ferring Pharmaceuticals Inc, Suffern, NY) to activate ovarian follicular stimulation. Ovulation was triggered when at least two follicles were 18 mm and half the remaining were ≥15 mm. Oocytes were harvested transvaginally using ultrasound guidance 35 h post hCG. All patients underwent controlled ovarian hyper-stimulation (COH) by the same physician.
Embryo culture
All metaphase II (MII) embryos were injected by ICSI 3-4 hours post retrieval. All zygotes were cultured individually in 50 µl droplets of P-1 medium, supplemented with 10% Synthetic Serum Substitute (SSS) (Irvine Scientific, Santa Ana, CA). After 44-46 h embryos were moved to Complete Blastocyst Medium (Irvine Scientific, Santa Ana, CA). At this point, ±35 µl from the remaining P-1 culture media drops were collected in 200 µl micro-centrifuge tubes and immediately frozen. All samples were shipped to a central location and tested for sHLA-G, using an enzymelinked immunosorbent sandwich (ELISA) assay. All embryos were transferred on Day 3.
Embryos scoring
The GES-score
To apply the GES-score, all mature oocytes underwent ICSI with a single sperm and were individually cultured. In order to apply the GES-score, oocytes were evaluated at 16-18 h post ICSI when the presence of pronuclear as well as nucleoli alignment along the pronuclear axis was evident, a score of 20 was allotted where nucleoli alignment was prevalent. The second observation took place at 25-27 h, at which time early cleavage was noted. A score of 30 was allotted when cleavage was observed. Furthermore, at this time a score was given based on the presence/absence of fragmentation. When fragmentation was absent a score of 30 was given, <20% fragmentation received a score of 25 and >20% received a score of zero (0). The third and final score was given 64-67 h after ICSI and involved the number of blastomeres and embryo grade. Example: six cell grade one-6(I),7(I), 8(I), 8(II), 9(I) scored 20 points, seven cell, grade II [7(II)], 9(II), 10(I), 11(I) and compacting(I) scored ten points. The maximum GESscore totaled 100 points (Table 1 ).
-The day 3 score
The Day 3 score that was applied in this study was a modification of Veeck's [21] criteria for Day 3 embryos combined with our laboratory's criteria (unpublished data DK). Embryos were scored based on their blastomere number, size and symmetry as well as the percentage of fragmentation that was present. Example: a grade one embryo: 8-11 cell with even sized blastomeres (+8 points) and without fragmentation (+2 points) scored a max of ten points, a grade two embryo: 8-11 cell with even sized blastomeres (+8 points) and with <10% fragmentation (0 points) scored a max of eight points, a grade three embryo 8-11 cell (+8 points) with uneven blastomere (−1 points) and >10% fragmentation (−3 points) scored a max of four points.
The same embryologist preformed all embryology and embryo scoring in this study.
Soluble HLA-G assay
A monoclonal antibody (mAb; MEM-G9 MCA 2044; Serotec, Raleigh, NC) against sHLA-G was used to coat a 96-well Nunc-Immunoplate (Fisher Scientific, Chino CA) using a concentration of 2 µg/ml in 0.1 mol/l carbonate buffer at pH 9.5 for 1 h at 37°C. The plate was then refrigerated overnight at 4°C. On the following day, the plate was thoroughly washed using 100 µl of phosphatebuffered saline (PBS) and 0.05% Tween-20. The wash was repeated twice using 100 µl PBS and 5% bovine serum albumin (BSA) for 15 min each. A 50 µl aliquot of PBS and 5% BSA was added to each well before adding the sample of 50 µl of embryo supernatant. Amniotic fluid (AF) was used as a positive control. AF (50 µL) and 50 µl of pure Complete Blastocyst culture media (Irvine Scientific) in which no embryos had been cultured (the negative control) Samples were incubated for a period of 1 h at 37°C. After incubation, the plates were washed three times with PBS, followed by incubation with a specific biotin conjugated mAB (w6/32 MCA81B; Serotec) at a 1:1000 dilution in PBS and 1% BSA for 45 min at 37°C and then washed five times with PBS. Streptavidin alkaline phosphatase conjugated (BD Bioscience Pharmigen, San Diego, CA) at a concentration of 1:1000 in carbonate buffer was incubated for 30 min at 37°C and washed five times with PBS, after which phosphatase substrate was added at a concentration of 1 mg/ml in 10% diethanolamine at pH 9.8 for 30 min. The colorimetric reaction was then stopped by the addition of 50 µl of 3 mol/l NaOH. The sHLA-G concentration was determined by absorbance at 405 nm on the EL800 Universal Microplate Reader (Bio-Tek Instruments Inc., Winooski, VT).
Embryo selection and transfer
Individual embryos were defined as having positive sHLA-G expression if their surrounding media expressed sHLA-G with an optical density inside the range of 0.184-0.196. Those outside the above mentioned range were designated as sHLA-G negative. In Group A, one hundred and seven (107) patients received embryos for transfer and all of these embryos were selected by using a Day 3 score only. In Group B, one hundred and seven (107) patients received embryos for transfer by first selecting any embryos that had a positive sHLA-G expression, and correlating such with the highest available GES score. Furthermore, in Group B the patients received embryos containing at least one sHLA-G positive in the cohort for transfer. In this study no more than four (4) embryos were recommended for transfer. However, the final decision regarding the number of embryos for transfer was left to the patient after an informed consent that was based on American Society for Reproductive Medicine guidelines. All embryos were transferred on day 3 of culture, using ultra sound guidance and an echogenic catheter (Wallace, Smith Medical, UK). Serum β-hCG levels were measured 11 days and 13 days after the transfer. The patient was considered positive for biochemical pregnancy when the first value was >5.0 IU and the next value 2 days later was double the first. Clinical pregnancy rates were based on a six (6) week ultrasound with a gestational sac containing a fetal heartbeat. Ongoing pregnancy rates were based on a ten to twelve (10) (11) (12) week ultrasound with gestational sac containing one or more growing fetuses with appropriate heart rates.
Statistical analysis
Statistical analysis was carried out using SPSS version 15 (Statistical Package for the Social Science). The number and percentage (%) of categorical data as well as the mean and standard deviation (SD) of continuous data were calculated.
Comparison between mean values of continuous variables was calculated using the Students t-test for parametric and the Mann-Whitney-U test for non-parametric data, while the Chi-square was used for categorical data and the Odds ratio and 95% confidence calculated. Significance value was set at p<0.05.
Miscarriage rates between treatment groups were calculated as a percentage of pregnancy loss between biochemical, Table 2) . In this study all embryos underwent sHLA-G testing. However, in Group A, sHLA-G results were blinded (therefore, embryos were selected without knowing the sHLA-G results prior to transfer). A total of 770 embryos were transferred in both groups: In Group A, 353 embryos were transferred into 107 patients, 42/107 (39.2%) positive β-hCG resulted. The 6 week ultrasound revealed that 35/42 (83.3%) pregnancies continued since β-hCG testing was performed. The breakdown included 23 singletons, eight sets of twins, three sets of triplets and one set of quadruplets, resulting into 52 fetuses with heartbeats confirming an implantation rate of 14.7%. Furthermore, the 10-12 week ultrasound revealed that 20/35 (57.1%) pregnancies continued since 6 week ultrasound was performed. The breakdown included 13 singletons, seven sets of twins, zero triplets zero quadruplets, resulting into 27 fetuses with heartbeats. The miscarriage rate (fetal loss) between biochemical and clinical pregnancies were 7/42 (16.7%) and between clinical and ongoing pregnancies were 15/35 (42.9%). Furthermore, in Group A the total pregnancy loss between biochemical and ongoing pregnancies were 20/42 (total number of pregnancy losses)/(initial number of biochemical pregnancies) (47.6%). Furthermore, there was a loss of 25 fetuses between 6 week and the 10-12 week ultrasound.
In Group B, 417 embryos were transferred into 107 patients, 60/107 (56.1%) patients had positive β-hCG results. The 6 week ultrasound revealed that 52/60 (86.7%) pregnancies continued since β-hCG testing was performed. The breakdown included 36 singletons, 12 sets of twins, three sets of triplets and one set of quadruplets, resulting into 73 fetuses with heartbeats confirming an implantation rate of 17.5%. Furthermore, the 10-12 week ultrasound revealed that 52/60 (86.7%) pregnancies continued since 6 week ultrasound was performed. The breakdown included 38 singletons, ten sets of twins, four triplets zero quadruplets, resulting into 70 fetuses with heartbeats. The miscarriage rate between biochemical and clinical pregnancies were 8/60 (13%) and between clinical and ongoing pregnancies were 0/52 (0%). Furthermore, in Group B the total pregnancy loss between biochemical and ongoing pregnancies were 8/60 (total number of pregnancy losses)/(initial number of biochemical pregnancies) (13.3%). Furthermore, there was a loss of three fetuses between 6 week and the 10-12 week ultrasound. Implantation rates per embryo transferred were not significantly different at 52/353 (14.7%) and 73/417 (17.5%) for Group A and Group B, respectively (p>0.05). However, the pregnancy loss rates between biochemical and ongoing pregnancies were significantly different at 22/42 (52.3%) and 8/60 (13.3%) for Group A and Group B, respectively (p< 0.05). Fetal loss between treatment groups were 25/52 (48.1%) and 3/73 (4.3%) for Group A and Group B, respectively and was statistically significant (p<0.05) (Fig. 2) .
Prospective data for Group B indicated that ninety three out of one hundred and seven (93/107) patients (86.9%) received a cohort of embryos for transfer that contained at least one sHLA-G positive embryo combined with the highest available GES-score. This "sHLA-G positive subgroup" resulted into 55/93 (59.1%) (biochemical), 50/93 (53.8%) clinical) and 50/93 (53.8%) (ongoing pregnancy), respectively. Furthermore, fourteen out of one hundred and seven (14/107) patients (13.1%) received embryos for transfer that contained ALL sHLA-G negative embryo combined with the highest available GES-score. This "sHLA-G negative sub-group" resulted into 5/14 (35.7%) (biochemical), 2/14 (14.2%) clinical) and 2/14 (14.2%) (ongoing pregnancy), respectively.
Retrospective data for Group A and un-blinding of sHLA-G results revealed that twenty seven out of one hundred and seven (27/107) patients (25.2%) received a cohort of embryos for transfer that contained at least one sHLA-G positive embryo combined with the highest available GES-score. This "sHLA-G positive sub-group" resulted into 17/27 (63.0%) (biochemical), 14/27 (51.9%) clinical) and 14/27 (51.9%) (ongoing pregnancy), respectively. Furthermore, eighty out of one hundred and seven (80/107) patients (74.8%) received embryos for transfer that contained ALL sHLA-G negative embryo combined with the highest available GES-score. This "sHLA-G negative sub-group" resulted into 25/80 (31.2%) (biochemical), 21/80 (26.3%) clinical) and 6/80 (7.5%) (ongoing pregnancy), respectively.
Combined data regarding the s-HLA-G status from group A and B revealed that 120/214 (56.1%) of patients received a cohort that included at least one sHLA-Gpositive embryo. Summarizing: pregnancy outcome for patients that received sHLA-G-positive cohorts for transfer versus those that received sHLA-G negative cohorts for transfer were 60.0% vs. 31.9% (biochemical), 53.3% vs. 24.5% (clinical) and 53.3% vs. 8.5%, respectively and was significant (p<0.05).
Discussion
The aim of this prospective randomized study was to compare a traditional embryo selection method (Day 3 morphology) with a novel GES-score plus sHLA-G expression and its impact on implantation, pregnancy and miscarriage rates. To find non-invasive techniques to improve pregnancy outcome and also reduce high order multiple has been an ongoing challenge since the start of IVF in 1988. Earlier studies have outlined different criteria for embryo selection, focusing on a variety of parameters. Pronuclear morphology such as orientation, surrounding halo, number of nucleoli and its arrangement at the juxta-junction and the role of precursor bodies, early cleavage, and day 3 blastomere morphology including number of blastomeres, their shape and size, and the percentage of fragmentation provided better understanding of embryo development pattern. Whether to transfer embryos at the cleaved or the blastocyst stage is still an ongoing argument.
All the above approaches has been based on morphology, however, the detection of sHLA-G in culture medium surrounding clusters of developing embryos [18, 19, 22] 
Treatment Groups Percent of Fetusses Lost (%)
Day 3 GES+sHLAG Fig. 2 Fetal loss rates sparked a new interest in the search for non invasive markers, or so-called proteomics, to assist in the identification of the "competent" embryos for transfer. In the study presented here, a traditional Day 3 morphology compared to the sHLA-G expression plus a GES-score in order to identify embryos for transfer resulting into favorable clinical and ongoing pregnancy rates. These findings are supported by a number of researchers [20, [23] [24] [25] [26] . Furthermore, we reported a decrease of fetal loss, in the sHLA-G positive group, between 6 week and 12 week ultrasound, a finding supported by Rebmann et al. [27] .
The exact mechanism by which sHLA-G improved the ongoing pregnancy outcome is unknown; however, whether it is due to good communication (cross-talk) [28] , or the suppression/masking of the natural immune response [29, 30] , the presence of sHLA-G has been postulated to protect the conceptus from destruction by the maternal immune response [31] . The first two cell cycles of human embryogenesis (that is embryonic divisions up to the 4-cell stage) are regulated by the maternal genome [32, 33] Activation of the embryonic genome takes place between the 4-cell and 8-cell stages post fertilization in humans and is essential for zygote protein synthesis and subsequent embryo development. With these assumptions, we suggest that collecting the culture medium surrounding individually cultured embryos at 44-46 h post ICSI and subsequently analyzing it for the presence of sHLA-G will help to identify embryos with a "healthy" maternal genome, which should convert into a properly activated embryonic genome, resulting into a competent developing embryo.
In a recent meta-analysis it was concluded that the presence of sHLA-G in the supernatants of cultured embryos is moderately helpful to predict the ability to achieve pregnancy in women undergoing IVF treatment [34] . Additionally they suggested it to be more beneficial if the embryos are of good quality. In our study we used both the expression of sHLA-G and applied a novel, cumulative embryo score (GES), providing detailed information regarding each embryo's morphology and biochemical competency The implantation rates in the groups studied, did not differ significantly but the fetal loss rate was significantly lower in the sHLA-G-positive group. Furthermore, data revealed a significant increase in the biochemical, clinical and ongoing pregnancies in patients that received cohorts containing at least one sHLA-G-positive embryo vs. cohorts containing all sHLA-G-negative embryos for transfer. This finding highlights a further benefit in performing sHLA-G in an IVF program. This knowledge prior to embryo transfer will assist in selecting the better embryo.
This study is a first prospective randomized study comparing the traditional way of embryo evaluation versus sHLA-G expression plus a cumulative GES-score on day 3 as selection criteria. It was performed by the same physician, using the same stimulation drug, the same embryologist performed the embryology on all the patients and sHLA-G ELISA was performed by the same lab in order to minimize as many variables as possible.
We conclude that by combining a positive sHLA-G expression with the highest GES-score on Day 3 resulted into significantly improved ART outcome. Furthermore, that the power of sHLA-G status is a very important criterion to identify prior to embryo transfer.
